The objectives of this study were to generate molecular passport data for identification and differentiation of Baltic spring barley accessions (cultivars, landraces and breeding lines) 
INTRODUCTION
Barley is one of the most important crops in the Baltic countries; the area planted annually is about 10% of the total crop area in Latvia and Lithuania, and 20% in Estonia (Anonymous, 2012) . Professional breeding of this crop was initiated here about 90 years ago and significant improvements of agronomic performance of the crop have been achieved, e.g. yields of spring barley have more than doubled during the last century (http://www.stat.ee; http://www.zm.gov.lv; http://wwwstd.lt). Initially, the cultivars were selected from local and foreign landraces, and in the 1930s, this approach was replaced by combination breeding (Gaike, 1992) . The pedigrees of modern cultivars have become complex, and introduction of exotic sources, e.g. sources of disease resistance genes, by number of backcrossing cycles, leads to more adapted materials. Therefore, it is presently difficult to classify material based on a genealogical approach only and molecular methods have become a useful tool to identify and classify breeding material and to estimate genetic variation. The objectives of this study were to determine the genetic relationships and diversity of Estonian, Latvian and Lithuanian spring barley and to generate genetic profiles of the gene bank accessions and breeding material. The accessions discussed in this paper were also included in a larger study together with accessions from Sweden, Denmark, Finland and Norway to study genetic erosion in barley over the last century (Kolodinska Brantestam, 2005) . The present paper, however, is focused on the Baltic material only, and assesses genetic diversity, its distribution and relatedness among Baltic spring barley.
MATERIALS AND METHODS

Materials.
The material studied consisted of 64 accessions of spring barley from Estonia, Latvia and Lithuania and included landraces, cultivars and breeding lines (Table 1) . Material was obtained from gene banks in the Baltic countries (Commission on Plant Genetic Resources for Food and Agriculture in Estonia; Genetic Resource Centre in Latvia and Plant Gene Bank in Lithuania) and plant breeding PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 66 (2012) Brantestam et al. (2003) . Three isozyme systems (aconitase, esterase and phosphogluconate) for detecting polymorphism were employed for genetic profiling of the spring barley material. Eight isozyme loci where characterised. The designation of alleles at the Aco-1 and Pgd-2 loci followed that of Nielsen and Johansen (1986) , at Est-1; Est-2, Est-4 and Est-5 loci Hvid followed Nielsen (1977) and at Aco-2 locus - Liu et al. (1999) . 
Statistical analysis. Gene diversity at each locus was calculated using the gene diversity index of Nei (1973) . Total genetic diversity for the groups of accessions (H T ) was estimated according to Hamrick and Godt (1997) . Genetic distances (Rogers, 1972) between the accessions were calculated using the NTSYS-pc statistical package (Rolf, 1998) . The analysis of molecular variance was performed using ARLEQUIN 3.1 software (Excoffier et al., 2005) .
RESULTS
Marker diversity. For the three isozyme systems a total number of eight loci were analysed. Of these loci two were monomorphic and in six loci polymorphism was detected.
In total 15 alleles were found (1 to 3 alleles per locus) and the average genetic diversity (H T ) was 0.244 (gene diversity h varied from 0 to 0.390 depending on the locus). Of the 22 microsatellite loci, all were polymorphic and in total 141 alleles (2 to 14 alleles per locus) were distinguished. The average genetic diversity based on microsatellite markers (H T ) was 0.561 (gene diversity h varied from 0.031 to 0.858 depending on the locus) ( Table 2) .
Genetic profile and within accession variation. Individual genetic profiles at each isozyme and microsatellite locus for each accession are available in the complementary material of this paper (Appendix 1 and Appendix 2). Isozyme data showed that 34 accessions did not have within accession variation, whereas SSR data detected variation at one or 182, 198, 202, 204, 210, 216, 221, 225, 227, 229, 231, 233, 235, 239 14 0.80 Bmac0007 186, 190, 192, 194, 196, 198, 200, 202, 204, 224 10 0.79 Bmac0273 177, 179, 183, 185, 187, 189 6 0.68 Bmag0135 120, 144, 146, 148, 150, 160, 162, 164 8 0.63 Average values for microsatellite loci 6.4 0.56 * for isozymes allele names follow the references in which these alleles were designated (see methods), for microsatellites alleles are determined as fragment sizes in bp.
** 'zero allele', primer pairs did not amplify fragment at this loci more loci for all accessions analysed, with the exception of Estonian breeding line '2686.10.1.6' and Lithuanian cultivar 'Aura'. Based on isozyme data, 30 of the accessions could be distinguished by individual patterns of alleles and allele frequency distribution, whereas the remaining accessions formed groups from two to eight accessions which could not be separated. However, all of the accessions were distinguished by microsatellite data.
Genetic relationships. The dendrogram based on pooled isozyme and microsatellite data clearly separated material in two distant groups (I & II) of accessions (Fig. 1) . One included exclusively only six rowed accessions (II), whereas the other contained all of the two rowed accessions, with the exception of the 'Priekuïu 1' cultivar that had a a six-rowed spike (I). The group of six-rowed material was further di- Genetic diversity. When material from each country was analysed separately, the highest values for number of alleles and average gene diversity for SSR data were found for accessions released in the period between 1981 and 2000 (Table 3). For isozyme data, a similar pattern was observed. In Lithuanian accessions the total number of alleles was 12 for all periods, not including cultivars released from 1951 to 1980 in which this value was 10, but the H T value was highest in accessions released from 1981 to 2000, following the same trend as in Latvian and Estonian material (Table 3) . When diversity was compared between accessions with different country of origin, the most diverse accessions according to isozyme data was material from Latvia (H T = 0.27, A = 15), followed by material from Lithuania (H T = 0.24, A = 14). The Estonian material had the least diversity (H T = 0.14, A = 14). Microsatellite data showed also that Latvian accessions were most diverse (H T = 0.56, A = 114), followed by material from Lithuania (H T = 0.53, A = 109) and Estonia (H T = 0.52, A = 96).
DISCUSSION
Genetic diversity. The distribution of molecular variation in Baltic spring barley demonstrated variation not only among but also within the accessions (Table 4a and 4b). The variation within accessions was significant when examined both by microsatellite and isozyme data and accounted for 20.6% or 14.3%, respectively, of the total variation. This is an important fact to consider not only when developing management strategies for conservation in gene banks, but also when characterizing/evaluating these accessions and utilising them in research and breeding.
Several studies have reported changes in diversity due to plant breeding. These have shown different conclusions depending on the country of origin of material, and have detected either temporal flux without genetic erosion, or somewhat lower diversity in modern material (Russel et al., 2000; Matus and Hayes, 2002; Koebner et al., 2003; Reeves et al., 2004; Kolodinska Brantestam et al., 2007) . A meta study of diversity trends in released crop varieties in the twentieth century for eight different field crops (Wouw et al., 2010) concluded that significant decrease of diversity could not be detected. In our study groups of accessions from early breeding periods were unfortunately underrepresented, since there was only a limited set available in the gene banks. Thus, even though the highest diversity values were detected in cultivars released from 1981 to 2000, it cannot be safely concluded that this material is more diverse than material grown in the Baltic States in the early 20 th century. The few accessions representing landraces 'Latvijas vietçjie' and early cultivars based on selection from local material, like 'Vairogs', 'Toomas', Dotnuvos Ketureililai' and 'Dziugiai' also demonstrated rather large genetic distances among them and were distributed in different clusters and sub-clusters in the dendrogram, with the exception of 'Vairogs' and 'Toomas' in sub-cluster II a (Fig. 1) . Differentiation of accessions. The differentiation between two-and six rowed accessions based on molecular markers has been reported both in cultivars and landraces of barley from different countries of origin (Lasa and Igartua, 2001; Chaabane et al., 2009; Chen et al., 2009) . The differentiation of two-rowed and six-rowed accessions was apparent also in Baltic barley material (Fig. 1) Also the AMOVA showed a significant share of variation that was explained by differentiation of two-rowed and six-rowed accessions (microsatellite data 16.95%, P < 0.001, isozyme data 26.84% , P < 0.001). There were some differences in grouping of six-rowed versus two rowed accessions based on isozyme and microsatellite data. When only microsatellite data were used the two-rowed Latvian cultivar 'Imula' grouped together with the six-rowed accessions (data not shown). On the other hand, when data of microsatellite and isozyme were pooled, 'Imula' grouped together with the other two-rowed accessions (Fig. 1) . This inconsistency might be because the accession has six-rowed Finnish and Norwegian material in the pedigree and thus depending on the DNA regions analysed, either similarity to two-rowed or six-rowed accessions can be detected.
Closer genetic relations between the accessions can be explained by common material used in the pedigrees. For example, the cultivar 'Abava' is found both in the pedigree of cultivar 'Imula' and 'Rûja' and these three cultivars are found in the same cluster I e . However, 'Abava' is also present in the pedigree of Estonian cultivar 'Roosi' and Lithuanian cultivar 'Alsa', which are genetically rather distant and were found in different clusters I b and I c, respectively.
There was no clear grouping of accessions according to the country of origin (Fig. 1) . AMOVA analysis based on microsatellite data showed that the variation explaining differentiation among countries was not significant. The isozyme data, however, showed some variation (9%, P = 0.001) that explained differences between countries. The weak differentiation of accessions by country of origin can be explained by common ancestors that were used in the breeding programmes in the Baltic countries. For example, on the basis of ancestral trees of Baltic barley, often common foreign material can be found, like 'Gull' from Sweden, 'Binder' and 'Hanna' from Moravia and 'Ackerman's Bavaria' from Bavaria. A more recent example is line 'KM 1192', which has been used by breeders in all three countries, and thereby can explain the location of Estonian breeding line '28781.6.4' and Latvian cultivars 'Ilga' and 'Balga' in the same sub cluster of I c (Fig. 1) . Line 'KM 1192' predominantly was used as a powdery mildew resistance source (Tueryapijna et al., 1996) and other accessions (breeding line 'L1183', 'LIA612102', 'Aidas' and 'LIA6186-03-01') containing this line were not clustered together with 'Ilga', 'Balga' and '28781.6.4', which might be due to backcrossing with other material. It should also be noted that 'Ilga' and 'Balga' have the 'ulu2' gene from 'KM 1192', which it is not present in Lithuanian cultivar 'Aidas' (Tueryapijna et al., 1996) .
The isozyme variation represents variation of the coding region of the barley genome, whereas SSR in cereals predominantly represents the non-coding sequences (Kalia et al., 2011) . This can explain why a limited set of isozymes explained greater variation due to the country of origin than was explained by microsatellite genetic variation. Even though many Baltic cultivars contain common material in their pedigree and are interrelated, there has been selection for traits separating Estonian, Latvian and Lithuanian material, in order to reach better agronomical performance for the target country.
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